Abstract-The research results of coatings of nickel alloys deposited using supersonic atmospheric-plasma spraying are presented. The main feature of the work carried out is that the plasma flow is charged by powder material using the powder ring injector designed by authors. The ring powder injector unit is equipped by a gas dynamic focusing system that makes it possible to ensure the conditions of creating coatings which are not subject to wear and tear under abrasive friction.
INTRODUCTION
The powders of Ni-Cr-B-Si and Co-Cr-B-Si self-fluxing alloys are widely used for hardening and restoring various parts by protective coatings. Flashing is a necessary stage of the process of the formation of the coating of self-fluxed alloys. At this stage, the dispersion-strengthened structure of the sprayed layers is formed, which provides their strong resistance to wear and tear; moreover, the quality of the coatings significantly improves due to the reduced porosity and ensures the adhesive strength at the layer of the welded material. One of the techniques making it possible to improve the service durability of the coatings under abrasive friction involves introducing in their composition refractory compounds (oxides, carbides, borides. nitrides) both in the original state and clad ones [1] [2] [3] . This paper summarizes the research results of coatings of nickel alloys by the example of two types, used without flashing and self-fluxing, after flashing of which it is usually necessary to perform a subsequent flashing. Using the new technology, the coatings of a self-fluxing alloy without subsequent flashing were formed for the first time; their properties considerably exceeded those of the flashed coatings [4] [5] . The scientific novelty of this work consists also in discovering and studying a new type of structure and modification processes of sprayed particles in a plasma flow.
WORK OBLECTIVE
The objective of this work is to form a plasma coating with stronger resistance to wear and tear when using a new technological solution and eliminating the flashing process for self-fluxing alloys.
MATERIALS AND METHODS
OF RESEARCH The coatings of the powders of PN-85Yu15M and PR-N77Kh15S3R2-3 nickel alloys with a dispersity of 40 to 100 μm were deposited by the plasma method using a PNK-50 DC plasma torch in the following modes: the plasma torch power of 52 kW, the plasmaforming gas is air flowing at a rate of 3 g/s (moreover, the average mass temperature of the plasma jet on the cutting nozzle amounted to 3800 K, and average mass speed was 1400 m/s). The powder was fed into the plasma flow through a ring slot followed by gas dynamic focusing. The coatings of the self-fluxing alloy were not subjected to subsequent flashing.
The microstructure of the coatings was studied by the technique of metallographic analysis (Neophot-21) and by the X-ray spectrum microanalysis method (LEO 1455 VP, Jeol). The coating composition by cross section was investigated layer-by-layer by using the integral and local evaluation methods of the microstructure. The X-ray phase was investigated with a Drone-type analyzer. The microhardness of the phases composing the coating was evaluated by a PMT-3 device. According to the technical data, the maximum values of the hardness of the coatings of the PN-85Yu15M and PRN77Kh15S3R2-3 alloys are 35 and 37-42 HRC, respectively. Therefore, self-fluxing alloys with flashing and additional hardening by the refractory components are used to increase the resistance of the heavy loaded parts against wear and tear [1, 2].
The relative resistance of the coatings against wear and tear was determined under dry friction on a fastened abrasive by the standard technique on a Kh4-B friction test machine (GOST (State Standard) 6456-75). The abrasive paper of silicon carbide with grit of 50 μm was used as an abrasive. The load amounted to 1.05 MPa. Steel 50 hardened to a hardness of 52-54 HRC was used as the standard.
The comparative analysis of the properties of the coatings obtained using subsonic and supersonic plasma revealed that as a result of the supersonic spraying of PN-85Yu15M and PR-N77Kh15S3R2-3 powders, when transported in a ring into the ionized gas flow, coatings with unusually high values of hardness and wear resistance were obtained compared with the coatings of the materials formed using a subsonic plasma torch (Table 1) .
In order to clarify the reasons for such high characteristics of the coatings, the microstructure of the particles of the original powders and the sprayed coatings was researched. The obtained results made it possible to reveal the following features for modifying the structure of the materials.
RESEARCH RESULTS AND DISCUSSION
The particles of the original powders are spherical and clad (Fig. 1); i.e., the spherical cores are coated with shells. The shells are homogeneous and fragmentary, strongly joined with the particle core and with poor adhesion. The cores and the shells of the PN-85Yu15M powder particles are characterized by a homogeneous structure (Fig. 1a) and the same can be said about the structure of the shells of the PR-N77Kh15S3R2-3 alloy particles (Fig. 1b) . Meanwhile, the cores of the particles of the self-fluxing PR-N77Kh15S3R2-3 alloy have a grain structure with dark inclusions of irregular shape. The size of the grains is 0.667-6 μm and the size of the dark inclusions changes from 0.136 to 1.273 μm.
The Х-ray spectrum microanalysis data (Fig. 2 ) also illustrate the homogeneous distribution of the nickel and aluminum along the scan line of a cross section of the PN-85Yu15M powder particles.
The local quantitative analysis revealed that the cores of the PN-85Yu15M powder particles contain a smaller (by 7.82%) amount of aluminum and a larger (by 7.82%) amount of nickel compared with the shells (a) (b) 10 µm 10 µm
